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1. PURPOSE. T h i s  a d v i s o r y  c i r c u l a r  (AC) p r o v i d e s  guidance m a t e r i a l  f o r  
a c c e p t a b l e  means of d e ~ o n s t r a t i n g  c o m ~ l i a n c e  wi th  t h e  requ i rements  of  P a r t  33 
of t h e  F e d e r a l  Avia t ion  X e g u l a t i o n s  (FAR) r e l a t i v e  t o  su rge  and 
s t a l l  c h a r a c t e r i s t i c s  and t h r u s t  r e sponse  of t u r b i n e  e n g i n e s .  These 
g u i d e l i n e s  do no t  c o n s t i t u t e  a  r e g u l a t i o n  and a r e  t h e r e f o r e  n o t  
mandatory.  A d ? i t i o n a l l p ,  t h e y  a r e  n o t  n e c e s s a r i l y  t h e  on lv  means of showing 
c o a ~ l i a n c e  wi th  a p p l i c a b l e  a i r w o r t h i n e s s  r e q u i r e m e n t s .  T h i s  
m a t e r i a l  a p p l i e s  t o  I.arge, h i g h  bypass  r a t i o  t u r b o f a n  e n g i n e s .  

2 .  S E L A Y D  FA? SECTIOx!S. P a r t  3 3 ,  S e c t i o n s  33.65 and 13.73 o f  t h e  Sm. 

3. BACKGROUND. This  AC,  r e l a t i n g  t o  engine  c e r t i f i c a t i o n  s u b s t a n t i a t i o n  
p r o c e d u r e s ,  i s  i n t e n d e d  t o  a s s i s t  i n  e s t a b l i s h i n g  u n i f o r m i t v  i n  t h e  
c e r t i f i c a t i o n  p r o c e s s  and i n  t h e  p r e - c e r t i f  i c a t i o n  t e s t  ~ l a n n i n g  by 
d e f i n i n e  c e r t a i n  terms and p r o c e d u r e s  which a r e  i n  common use throughout  the  
i n d u s t r y .  

4 .  DEFINITIOI?S. The d e f i n i t i o n s  a r e  provided t o  g i v e  c l a r i t y  i n  
unders tand ing  t h e  i n t e n t  of t h i s  A C .  

a .  Engine Surge:  Surge  i s  a  r e sponse  of t h e  e n t i r e  eng ine  whic5 i s  
c h a r a c t e r i z e d  by l a r g e  f l u c t u a t i o n  i n  engine  p r e s s u r e s  wt th  s i g n i f i c a n t  
r e d u c t i o n  o r  r e v e r s a l  i n  t h e  c o m ~ r e s s i o n  system. 

b. Engine S t a l l :  S t a l l  i s  a  f l o w  breakdown a t  one o r  more compressor  
a i r f o i l s  which can cover a wide v a r i e t y  of p r e s s u r e  d i s t u r b a n c e s  producing 
mild  f l u c t u a t i o n s  o r  s t a b l e  r e d u c t i o n s  i n  e n c i n e  p r e s s u r e  and f low.  

c .  Engine Surge Margin:  Surge  margin i s  c a l c u l a t e d  from t h e  
q u a n t i t a t i v e  di:ference between t h e  v a l u e  of  a  s e l e c t e d  eng ine  parameter  a t  
t h e  normal s t e a d y - s t a t e  o p e r a t i n g  l i n e  and t h e  v a l u e  of t h a t  parameter  on t h e  
ve rge  of s t a l l .  T h i s  margin i s  u s u a l l v  expressed  i n  p e r c e n t  of compressor 
p r e s s u r e  r a t i o  a t  c o n s t a n t  c o r r e c t e d  f l o w -  3 t h e r  pa ramete r s  may be used a s  
loqg a s  they a r e  c l e a r l y  d e f i n e d .  
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a .  The c u r r e q t  enrrine aqd a i r c r a c :  c e r t i i i c a t i o ?  n r ~ ~ e i i l ~ e ~  aqJ 
t h e  FAR have evolved based ugon t h e  e Y 3 e r i e ~ c e  of p a s t  proerams. Sv 
a p p l i c a t i o n  of t h e  c u r r e n t  p r o c e d u r e s ,  t ' le e n e i q e  i s  u s u a l l v  
c e r t i f i c a t e d  p r i o r  t o  t e s t i n g  i n  the  i ~ t e q d e d  a i r c r a f t .  T h i s  
p r o v i d e s  t h e  a i r c r a f t  m a n u f a c t u r e r s  wi th  a  p r e t e s t e d  powergl-ant unon 
which t o  base  a i r c r a f t  c e r t i f i c a t i o n  t e s z i n g .  

b. In app ly ing  t h e s e  n rocedures  t o  a  g iven a i r c r a f t / e n s i n e  
c e r t i f i c a t i o n ,  chances  t o  t h e  eng ine  o r  a i r c r a f t  may be r e o u i r e d  t o  
improve t h e  e n z i n e  o ~ e r a t i n g  c h a r a c t e r i s t i c s  a s  p a r t  of t h e  
c e r t i f i c a t i o n  of t h e  a i r c r a f t l e n g i n e  c o n b i n a t i o n .  These chanpes ,  a s  
they  a f f e c t  t h e  enq ine  a s  c e r t i f i c a t e d  nnder  P a r t  3 3  of t h e  F45, a r e  
handled a s  e n g i n e e r i n g  changes t o  t 5 e  eqyine  tvDe des ign  wLth the  
a a ~ r o v a l  of the  F e d e r a l  4 v i a t i o n  4 d a i n i s t r a t i o n  (F-4.4). Rv 

a n p l i c a t i o n  of t h e s e  n r o c e d u r e s ,  any u n d e s i r a h l e  i n s t a l l e d  engine  
o p e r a t i n e  c h a r a c t e r i s t i c s  t h a t  become a n n a r e n t  d u r i n g  the  a i r c r a f t  
c e r t i f i c a t i o n  p r o c e s s  a r e  a 3 d r e s s e d .  CorrecEive  a c t i o n  i s  then 
i m ~ l e n e n t e d  p r i o r  t o  i s s u a n c e  of t h e  a t r c r a f t  tvDe c e r t i f i c a t e .  

c .  The naximum i n l e t  p r e s s u r e  d i s t o r t i o n  f o r  h i c h  i t  has  Seen 
d e n o n s t r a t e d  t h a t  h l a d e  s t r e s s e s  a r e  a c c e p t a b l e  and o p e r a t i o n  i s  f r e e  
from hazardous  s u r g e  should  be inc luded  ir! t h e  e 9 z i n e  i n s t a l l a t i o n  
manual a s  a b a s i s  f o r  e s t a b l i s h i n g  c o m n a t i b i l i t p  of the  a i r f r a m e  
i n l e t .  

a .  Goa l s .  By a  combinat ion of t e s t s  o r  t e s t s  and a n a l y s e s ,  t h e  
e n g i n e  manufac tu re r  should  show t h a t  t h e  eng ine  c h a r a c t e r i s t i c s  a r e  
suc? t 5 a t  the  e n g i n e  w i l l  s t a r t  and o ~ e r a t e  f r e e  from hazardous  su rge  
and w i t 5  s u f f i c i e 3 t  t h r u s t  r e sponse  th roughout  t h e  e n g i n e ' s  o p e r a t i n g  
enve loqe .  In a d d i t i o n ,  t h e  eng ine  should  he canaSle  of wi ths tand ing  
a  s u r g e  a t  t a k e o f f  power, wi thout  s t r u c t u r a l  f a i l u r e ,  s i g n i f i c a n t  
o v e r t e m p e r a t u r e ,  f l a m e o u t ,  damage s u f f i c i e n t  t o  p r e c l u d e  recovery  of 
e n s i n e  power, o r  damage t h a t  w i l l  l e a d  t o  su3seqnent  f a i l u r e .  

h .  P l a n s .  ? r i o t  t o  t h e  i n i t i a t i o n  of e n g i n e  su rge  and s t a l l  
c e r t i f i c a t i o n  t e s t i n g .  t h e  eng ine  a a n u f a c t u r e r  should p r e s e n t  t h e  FAA - .  
w i t h  a  p lan  which o u t l i n e s  % i s  approach t o  demons t ra t ing  compliance 
wi th  t h e  r e a u l a t i o n s .  T%is  ~ l a n  should d e s c r i b e  t h e  eng ine  
c o n f i g u r a t i o n ,  e n g i n e  o p e r a t i n g  r e q u i r e m e n t s ,  component and eng ine  
t e s t  f a c i l i t i e s ,  t e s t  p rocedures  and a n a l y s e s .  T h i s  2la.n should 
a d d r e s s  the  d e t e r m i n a t i o n  of t h e  s t a r t i n g  c a p a b i l i t y  and t r a n s i e n t  
r e s p o n s e  of t h e  e n g i n e ,  i n c l u d i n g  t r a n s i e n t  a c c e l e r a t i o n  and 
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d e c e l e r a t i o n  c h a r a c  t e r i s t i c s  b o ~ b  ~ 5 t h  and ~ , < t h o u t  engine  b:eez 2;: 

a2d power e x t r a c t i o c .  The ~ l a n  nay proDose t o  use  a n a l y s e s ,  sea  
l e v e l  t e s t s  o r  a l t i t u d e  t e s t s .  The enpine  oDera t ing  r e o u i r e m e n : ~  
should be based on p a s t  e x p e r i e n c e  k i t h  s i m i l a r  eng ine  t v n e s ,  
inc luc! i?e  i n l e t  d i s t o r t j o n  and recovery  e f f e c t s ,  s i n c e  t h e  
performance c h a r a c t e r i s t i c s  of t h e  e n g i n e s  a r e  ~ r e 3 i c a t e d  on t h e  
e f f i c i e n t  matchinq of i n l e t  and eqgine  o ~ e r a t i n g  c h a r a c t e r i s t i c s .  In  
s a t i s f y i n g  t h e  t a k e o f f  s u r g e  r e c o v e r y  r e q u i r e m e n t ,  unplanned s u r g e s  
encoun te red  dur ing  c e r t i f i c a t i o n  t e s t i q ~  and /o r  su rge  exper ience  wi th  
s i m i l a r  hardware map be c o n s i d e r e d .  

c .  Analyses .  O u a n t i t a t i v e  e v a l u a t i o n s  of t h e  e s t i m a t e d  l e v e l s  
of su rge  margin and eng ine  s t a b i l i t y  and response  should be ~ e r f o r m e d  
th roughout  t h e  a n t i c i p a t e d  f l i g h t  environment .  A computer model of 
the  eng ine  map be used i n  t h i s  e v a l u a t i o n  t o  augment r e s u l t s  obta inec!  
by o t h e r  p r i n a r v  t e c h n i a u e s ,  such a s  eng ine  and /o r  comnonezt t e s t s  
and a n a l y s e s .  However, n r i o r  t o  acceDtance of computer n o d e l i n g ,  t h e  
a ~ ~ l i c a n t  w i l l  be expec ted  t o  p r e s e n t  v a l i d a t i o n  t h a t  t h e  nodel  has  
been s u c c e s s f u l l y  used t o  ~ r e d i c t  a c t u a l  t e s t  p o i n t s .  The e v a l u a t i o n  
w i l l  no rmal ly  account  f o r  t h o s e  f a c t o r s  which change engine  component 
su rge  l i n e s  a n d / o r  t h e i r  o ~ e r a t i n g  l i n e s ,  t h u s  a f f e c t i n g  engine  su rge  
margin and /o r  t h r u s t  r e s p o n s e .  'or example, t h e  e v a l u a t i o n  w i l l  
normal ly  c o n s i d e r  (hu t  n o t  he l i m i t e d  t o )  t h e  e f f e c t s  o f :  

( 1 )  Engine s e r v i c e  d e t e r i o r a t i o n .  

( 2 )  ?laximum allowable combina t ions  of compressor / t u r b i n e  
matching due t o  b u i l d  t o l e r a n c e s .  

( 3 )  ?faximum a l l o w a 3 l e  combinat ions  of r i g g i n g  t o l e r a n c e s  f o r  
v a r i a b l e  geometry,  b l e e d s ,  and c o n t r o l  f u n c t i o n s .  

( 4 )  Yaximun a l l o w a b l e  combination of s l u e  r a t e s  f o r  v a r i a b l e  
seornetry b l e e 4 s  and c o n t r o l  f u n c t i o n s .  

( 5 )  Mach number. 

( 6 )  A l t i t u d e  (Reynolds  number e f f e c t s ) .  

( 7 )  I n l e t  d i s t o r t i o n  e f f e c t s .  

( 8 )  I n 8 e s t i o n  of heavy r a i n f a l l  w i t h i n  t h e  o ~ e r a t i n g  
e n v e l o ~ e  (Reference  AC 20-124). 

( 9 )  I n g e s t i o n  of runway water  under t a k e o f f  and i d l e  w w e r  
(Refe rence  AC 20-124). 

( 1 0 )  Power t r a n s i e n t s  ( s low t o  s n a p ) ,  such a s  fror? f l i g h t  
i d l e  t o  maximum nower. 
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3 e  above e f f e c t s  can occur both  i? i s o l a t i o n  and in combinat ion.  
P o s s i b l e  i n t e r a c t i o n s  should be recogx ized  and accounted f o r  i n  t h e  
a n a l y s i s .  The r a t i o n a l e  f o r  i n c l u d i n g  o r  exc lud ing  any f a c t o r  i n  the  
e v a l u a ~ i o n  should be p resen ted  and normal ly  suDnorted by t e s t  o r  
o n e r a t i o n a l  e x ~ e r i e n c e .  

3 .  Comnliance T e s t i n g .  V e r i f i c a t i o n  t e s t i n g  i s  r e q u i r e d  t o  
d e 2 o n s t r a t e  comnliance.  S ince  e n g i n e  c e r t i f i c a t i o n  g e n e r a l l y  
n r e c e d e s  a i r c r a f t  c e r t i f i c a t i o n ,  any eng ine  compl iance  t e s t i n g  i s  
l o n e  u s i n g  g e n e r a l i z e d  condi ' ions  t h a t  encomnass t h e  a n t i c i p a t e d  
a i r c r a f t  environment .  S e l e c t i o n  of t h e s e  c o n d i t i o n s  should  be based 
on t h e  e n g i n e  m a n u f a c t u r e r ' s  p a s t  e x ~ e r i e n c e  and p a r a g r a p h  6 .c . ,  
Ana lyses .  

! I )  To ~ c c o I ~ D ~ ~ s ~  enq ine  c o m ~ l i a n c e  t e s t i n g  , i n c l u d i n g  
t r a n s i e n t  o p e r a t i n g  c h a r a c t e r i s t i c s ,  an a p p r o D r i a t e  combinat ion o f  
ground t e s t ,  f l i g h t  t e s t ,  a n d l o r  t h e  use  of a l t i t u d e  t e s t  f a c i l i t i e s  
i s  a c c e ~ t a h l e .  

( 2 )  T5e objective of a l t i t u d e  t e s t i n g  i s  t o  de te rmine  t h e  
e f f e c t s  of t h e  a i r c r a f t  environment .  The t e s t i n g  ~ r o c e d u r e  should  
i n c l u d e  t h e  fo l lowing :  

(i) A a u a n t i t a t i v e  d e t e r m i n a t i o n ,  by ground l e v e l  
en3 ine  t e s t i n g  o r  o r e f e r a b l y  i? an a l t i t u d e  t e s t  f a c i l i t v ,  of  t h e  
compone2t o p e r a t i n g  l i n e  l e v e l s  and t h e  t r a n s i e n t  o p e r a t i n g  
c h a r a c t e r i s t i c s ,  i n c l u d i n c  a c c e l e r a t i o n  and d e c e l e r a t i o n .  The s u r g e ,  
s t a l l  and f lameout  boundar ies  r d l l  no rmal ly  be d e f i n e d  by t e s t  o r  
t e s t  and a n a l y s i s .  

( i i )  The use  of a  computer model ar o t \ e r  means t o  
perform a  q u a n t i t a t i v e  a n a l y s i s  of t h e  o n e r a c i n g  c h a r a c t e r i s t i c s  
i d e n t i f i e d  by t h e  above t e s t i n g  and a n a l y s i s  over  t h e  complete  
o p e r a t i n g  envelope of t h e  e n g i n e .  4s no ted  i n  p a r a q r a ~ h  6 .c . ,  
Ana lyses ,  v a l i d a t i o n  of t h e  computer model w i l i  he expec ted .  

( i i i )  The S a s i s  of t 5 i s  a n a l v s i s  should  be used t o  s e l e c t  
a l t i t u d e  demons t ra t ion  c o n d i t i o n s .  The scoDe of t e s t i n g  should  
i n c l u d e  t h e  range of a n t i c i n a t e d  a i r c r a f t  a l t i t u d e  and eng ine  Dower 
l e v e r  t r a n s i e n t s .  In  s i t u a t i o n s  where the  t e s t  f a c i l i t y  p r e c l u d e s  
t e s t i n q  under some of t h e  d e s i r e d  c o n d i t i o n s ,  a n a l y s i s  should he 
performed t o  e v a l u a t e  the  eng ine  o p e r a t i n g  c h a r a c t e r i s t i c s  i n  t h e  
a n t i c i p a t e d  a i r c r a f t  environment.  Rowever, a n a l y s i s  o r  conpu te r  
nodeli-np, should no t  he t h e  e x c l n s i v e  methods n r e s e n t e d  f o r  a l t i t u d e  
A e ~ o n s t r a t i o n  d u r i - n ~  5 a s i c  enTine c e r t i f i c a t i o n .  
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